To understand how financial constraints affect export status, the first step is to ask what are the financing needs of an exporting firm. Take for example, a firm owner who has to decide between selling to domestic or foreign markets. She/he would face export specific costs such as the costs of licensing or getting entry to markets. 3 However, beyond these additional costs, the owner also faces a significant difference in timing between domestic sales and foreign sales. In the case of Bangladesh, exporting to Hamburg can take up to 39 days. With domestic sales, goods would be delivered faster and the payment for the goods received within a shorter time. With foreign sales, although the goods will fetch a higher price, the goods will take longer to deliver and the payment will be received with a longer delay. The data show that most firms receive payment only after their goods have been delivered. Thus, the decision to export involves the owner asking themselves whether they would be able to remain liquid during the period before payment is received. Operating liquidity in financial metric terms is working capital. As such, to address how financial constraints affect the export decision of the firm, it is necessary to understand how working capital affects the export decision of the firm. This paper makes two contributions to this question. First, a dynamic working capital model of the firm's export decision is presented. Second, the empirical predictions of the model are tested using a unique panel data set of Bangladeshi firms and robust evidence is found that financial constraints provide a significant barrier to exports.
The theoretical model builds upon the dynamic working capital model of the firm ? and extends it to the export decision of the firm. At the time of writing, there has not been any existing trade models that have formalized the role of working capital in exporting decisions.
Working capital underlies two fundamental concepts in trade: costs to entry and the role of distance in determining trade volumes. The extra working capital demands from exporting over domestic sales due to shipping time, formalizes the concept of sunk cost or the cost of entry which many trade models are premised upon (see ?????). Furthermore, as the amount of working capital directly reflects transportation time, the greater the distance, the greater the working capital demands in exporting. Therefore, the model also speaks to the area of trade research on how distance determines trade volumes as well as on how time can act as a trade barrier (see ??? for research in this area. ).
The main theoretical result is that the export decision of the firm is determined by both productivity and working capital and their relative importance depends on whether the firm is financially constrained or not.
The model shows that exporting depends primarily on productivity if the firm is not financially constrained.
When firms are financially constrained, however, a lack of working capital can severely restrict a firm's willingness and ability to engage in exports. The implication is that among the population of firms, there will exist low productivity firms that never export regardless of their cash positions, and cash-poor firms that do not export regardless of their productivity levels.
To assess the importance of this mechanism, I use a unique firm-level data set which allows two key aspects of the model to be examined: a) a direct test of the interaction between financial constraints, working capital and productivity in determining the export status of the firm, and b) the relationship between working capital and the export distance that underlies the rationale behind the theoretical model. The 2002
Bangladesh Investment Climate Survey is one of the few panel data sets available that contain firm level financial information, their access to credit and detailed information on exports. The empirical results provide support for the model's predictions that the effects of working capital and productivity will differ between financially constrained and unconstrained firms. Specifically, for financially constrained firms, productivity matters less than for unconstrained firms while working capital matters much more. The correlation between 3 Costs to exporting also include shipping and transportation, custom duties and many more. These are discussed in ?.
working capital and export distance is shown empirically to be positive and significant, lending support for the working capital model of the firm's export decision.
The paper is structured as follows: the next section discusses the relevant literature for both theoretical firm models and empirical work in the area of export and finance 4 , Section 3 motivates the need for the working capital model of export decision by taking a preliminary look at the data to examine the distribution of productivity between exporting and non-exporting firms and also to look at the additional working capital demands that exporting imposes, Section 4 develops the working capital model of the firm's export decision, Section 5 examines the empirical results and then the conclusion.
Relevant Literature
The role of firm productivity as a determining factor for the export status of the firm has been researched extensively both theoretically through the heterogeneous firm models of ?? and empirically in the work of ???. It is, however, ambiguous as to whether the existence of financial constraints changes the relationship between productivity and exporting.
The literature on the interaction of trade and financial factors has existed for some time(see ?), but the emphasis has been on incorporating finance into the theory of comparative advantage to explain trade patterns across countries. Only more recently has the new trade literature begun to consider the role of finance in heterogeneous firm models (see ????). Existing models of exporting decisions such as ??? assume a set percentage of borrowing and do not account for the accumulation of internal finance that affect financial constraints and reduce the demand for borrowing. Their models assume that all firms are affected by financial constraints, due to the set borrowing requirement, and therefore financial constraints will always influence exporting decisions, regardless of differences in internal financing between firms. This is a restrictive assumption as it is important to take into account both good financial health, when firms do not require to borrow, and when firms are financially constrained so as to accurately capture the impact of financial constraints on the distribution of firms in the aggregate.
Existing models also assume that allocation of credit is perfectly aligned to productivity. This assumption drives the result of these models: exports with financial constraints simply raises the productivity cutoff across all firms. Existing models assume no time difference between inputs and revenues and as such, the financing of the inputs responds directly to the input choice. This, coupled with the assumption that credit is perfectly aligned with productivity, drives the existing models' result. 5 However, existing literature has shown that the allocation of credit does not correspond perfectly to productivity (see ??). The assumption of direct correspondence is thus too strong as it does not allow for the existence of distortions in the allocation of credit.
The assumptions made by existing theoretical models, static borrowing demand and direct correspondence between allocation of credit and productivity, lead to essentially the same result as predicted by ? with the caveat that financial distortion raises the productivity cut off level across all firms.
The empirical literature using micro level data on the relationship between exporting and finance is limited due to both the availability of firm level data sets as well as the topic being an emerging area of research. Of note, one of the few studies is ? that uses a large UK panel data set. They show that the financial health of firms positively affects export decisions. Another more recent study, ? uses cross section of firm level data across 9 developing countries and they find that access to finance is important to the firm's decision to enter exports. Furthermore, they find that financial constraints create a disconnection between firms' productivity and their export status: productivity is only a significant determinant of the export decision if the firm has a sufficient access to external finance. While the existing empirical work show that there are significant relationships between exporting and financial factors, neither studies relate these empirical findings to a model that explains the underlying economic relationships that drive these results.
3 Why might working capital restrictions affect exporting decisions? Bangladesh. In addition to these costs, exporting firms also hire clearance agents to help get them through customs -around 90% of exporting firms use a clearance agent at an average cost of 0.82% of the value of the freight. These costs plus the time delays in customs would require the firm to have adequate working capital in order to just get their goods through customs.
Second, exporters do not get paid until their goods are delivered to the export destination for a much larger proportion of their sales than non-exporters. Table 2 shows that on average, 89 percent of the sales for exports is paid upon delivery (median is 100 percent) compared to 65.74 percent for non-exporting firms (median 75 percent). 7 Therefore, exporters would require to cover a greater percentage of their costs with their own working capital than non-exporters. Furthermore, the longer the time period is between production and delivery, the greater the amount of working capital is required.
Last, delivery times are longer for exporters than non-exporters. Turnover time differs from industry 6 Working capital is measured according to the accounting definition: current assets (inventories, accounts receivable, cash and shortterm credit) minus current liabilities (accounts payable and any short-term debt). Note that working capital data is only reported for 2002 7 A proportion of sales is also bought on credit, and here, non-exporting firms appear to extend more credit than exporting firms. Extending credit to customers would further delay the receipt of revenues from when the cost of production was incurred. On average, amongst those that do extend credit to customers, 43.77 days of credit is extended with a median of 30 days. This is funded mainly from retained earnings ( median of 60%, with the rest from micro lenders or informal lenders). This implies that those firms that extend credit to their customers are doing so because they have enough cash or access to finance. They charge their customers extra for the credit for the delay in the receipt of payment and the delay is not crucial for completing the exchange. Unlike the delays caused by shipping across large geographical distances which are unavoidable and crucial to completing the transaction between the exporter and the customer. Table 1 ). For transiting time, Bangladesh exports are shipped using international shipping lines that run on regular schedules. The time in transit consists of: overland to port, a feeder journey from Chittagong or Dhaka to Singapore to meet up with the international shipping line, and then the destination port to customer location. According to ? , the greatest delays are caused in the exchange from feeder to mainline vessel as schedules may not be synchronized and containers may wait in the transshipment port for several days. His estimate of ocean transit times from Bangladesh, using a variety of shipping companies, is between 25-35 days. Figure 1 shows the transit times for APL shipping (the world's sixth largest container transportation and shipping company) which corroborates the ? estimate. Without even counting for time needed to clear foreign customs and inland delivery, selling to European markets from Bangladesh can add an extra month to the product cycle.
Considering that production of garments only requires about a month to process, exporting essentially would double the amount of working capital required.
Among exporting firms, Figure 2 shows that the amount of working capital is increasing with the distance of export destination. This relationship is particularly stark with Europe and the EU -destinations that have the longest shipping transit times from Bangladesh. This suggests that if firms require additional working capital the longer the transit time or the greater the distance of the export destination. 
A Model of Export Decision with Working Capital
The previous section motivates the importance of working capital in the firm's export decision. This section presents a dynamic model of the firm's export decision that allows for differences in liquidity to affect export decisions. The purpose of articulating an export model where working capital is required for production is to show how productivity and cash interact to jointly determine export status of the firm, and as a result, the presence of financial constraints distorts the selection of the most productive firms into exports through the time demand for liquidity required for exporting. The interaction is highly intuitive: the firm exports if it has met both productivity and cash requirements for exporting. This implies that among the population of firms, there will exist low productivity firms that never export regardless of their cash positions, and likewise, cash poor firms that do not export regardless of their productivity levels. The interaction of productivity and cash as necessary conditions to enter exports would give rise to lower correspondence between productivity and export status of the firm than the correspondence predicted by earlier models.
Take a representative firm within an industry with the production function F(K t , L t ). At each period, the firm chooses inputs in labor and capital as well as the percentage of output, ψ, to sell to international markets 8
to maximize all future stream of profits. Capital takes one period to install. Labor is inelastically supplied.
Productivity, A i , is exogenously given and differs across firms. Firms know their productivity level and makes 8 Likewise, (1 − ψ) percent is sold to domestic markets production decisions based on the uncertainty of output and prices in the domestic and foreign markets. 9
The firm also has access to financial services where it can borrow or save, b, at interest rate r. 10 The standard assumptions apply where wages, w, the price of capital, p k , and the interest rate, r are assumed to be exogenous and non time varying. The discount factor given by β = 1 (1+r) and the depreciation rate of capital given by δ . Entry to export markets requires a fixed cost, f , each period, which can be viewed as a license, permit or agent's fee to export.
To incorporate the need for working capital, time delays between production and receipt of revenue are introduced. The time delays are as follows: selling to domestic markets requires one period to receive the revenue and selling to international markets requires S periods in addition to the one period delay that is normally incurred through domestic sales. That is, exporting requires additional time for products to be shipped and received overseas over that of domestic sales. Figure 3 shows the timing of production and receipt of revenue. At each period, the firm receives the revenue from past sales: past sales includes any domestic sales from period (t − 1) and any export sales from period (t − (1 + S)). At each period, the firm also decides on production to be sold domestically and/or exported -the revenue from which will be received either at the next period (t +1) or at t +(1+S) periods later. All costs of production are incurred at the time of production, regardless of whether products are going to export or domestic markets, but the production choice affects the transitional equation at the present period and at (1 + S) period when export revenues arrive.
At each period, the firm discovers the prices for output; the domestic price, P D t and the foreign price, P F t . Both prices are stochastic over time. For simplicity, the present value of the foreign price is assumed to be always greater than domestic price so that there is an incentive for firms to enter exports, β S P F − P D > 0. 11 The availability of export markets can be thought of as an additional mechanism to transfer resources over time: domestic sales get P D and returns are delivered at time t + 1 while international sales get P F t but incurs a fixed cost and returns are delivered at time t + 1 + S. 12 Intuitively, the extra time required for exports costs 9 This departs from current literature where firms only realize their productivity after paying a fixed cost ???. The rationale is that firms are privy to more information about their own operations and how productive they are more so than knowing the price conditions on foreign markets.
10 Note, this follows the international finance literature in that b represent bond holdings and positive implies savings and negative implies borrowing.
11 Relaxing this assumption will simply allow more instances where firms will choose not to export because it isn't as profitable. The objective of this paper is to highlight how financial constraints affect export behavior, and thus it is important for firms to have an incentive to export in the first place.
12 The firm also has available bonds, that earns interest, r, that is received also at t + 1. It is implicitly assumed that the rate of return from domestic production is greater than the interest rate -or else there is no incentive to produce. In other words, P D is bounded from below such that there is always an incentive to produce. the firm the discount rate β S on revenue which is increasing with time S. The delays imply that at each period, the firm has a stock of wealth made up of revenues that are due from past production and any bond holdings from last period. This stock of wealth is the firm's working capital, X t :
The cash the firm has at any particular point will not include all export sales pending from all previous periods but only the export sales due at that period. The revenue for export sales is only realized as cash at the period the firm receives it. Working capital is liquidity, and pending payments that are not received cannot be used to pay for inputs. 13 The firm chooses labor, investment and percentage of production to export according to how much working capital it has. Therefore, the firm's budget constraint is given by:
Financial constraints are introduced as a limit on how much the firm can borrow at any particular time.
The firm is restricted to borrow only up to a percentage, ϕ, of it's total wealth: b t ≥ −ϕX t . 14 Define π D as the current value profit from only domestic sales;
Likewise, define π E as the current value profit from sales where exports are non-zero;
The dynamic maximization problem of the firm can be described by the value function defined below:
Following ?, the borrowing constraint for domestic, The firm's maximization problem involves 2 steps due to discontinuity introduced by the fixed cost of exporting. First, given the cash available and output prices, the firm determines the output levels that will maximize profits under domestic sales as well as for export sales. Under export sales, the firm also determines 13 It is possible that pending payments could be used as collateral to borrow more, but this scenario will be left for further research. The focus of this paper is to look at cash strap firms in developing countries where any kind of credit is difficult to obtain even on cash collateral.
14 This setup differs from the existing literature in three ways: 1) borrowing is endogenously chosen, 1) the probability of exiting export markets is not assumed a priori, 2) the amount the firm produces for domestic and international markets is chosen endogenously by the firm in response to relative prices and 3)the time required to trade and the resulting liquidity requirements are modeled explicitly. I take out the assumption of monopolistic competition, where exporting firms can influence price levels, and substitute this with financial constraints as this may be a more realistic assumption for firms in developing countries. the optimal amount to export if exporting. Second, the firm then chooses between the two profits to determine whether to export.
Domestic Sales
The firm's dynamic problem in the domestic sales case reduces to only two possible solutions, as established in ?; the firm is either not financially constrained, in which case it produces at the optimal, or it is constrained, in which case, it produces as much as it can given cash on hand. The first order conditions are repeated below:
L D * and K D * is the solution to the firm's maximization problem if and only if:
Equation (1) and (2) hold and
Otherwise, the solution is given by Equations (3) and (4) below:
Let V * D (A i ) denote the value of the value function of optimal domestic profits as a function of A and let X D * (A i ) denote the minimum cash requirement for unconstrained profits to occur. Note that both profits and cash requirements are increasing with technology, A. Let V D (A i , X i ) denote the value of the value function where profits are at constrained optimal (where X i < X D * (A i )). It is necessarily so that constrained optimal profits is lower than unconstrained profits:
Export Sales
The firm's dynamic problem in the export sales case can also be similarly reduced to two scenarios. Let Σ denote the expected sum of all future shadow values up till the period export revenue is received;
. This can be interpreted as the opportunity cost of liquidity due to exporting. The first order conditions under export sales are given by:
Identical to the case of optimization of domestic sales, the choice of labor and capital is governed by their respective marginal cost when unconstrained and governed by the binding budget constraint when constrained. Unlike the case of domestic optimization, optimizing export sales involves taking into consideration of the additional future periods until export sales revenue are received.
The first order condition for exports dynamically captures the timing differences between domestic sales and export sales and also show why this matters under financial constraints. One way to see this, is by simplifying the first order condition by substituting in
into the first order condition for ψ, Equation (7). This yields:
The entire term in the square brackets can be interpreted as the net price of exporting which has two components: i) the difference in price between exporting and domestic, given by β S P F − P D , and ii) the value of the timing of the different revenue streams, given by −E
∂ X (1+S) P F . An increase in the percentage of exports will increase export revenue via the +β S E ∂V (1+S) ∂ X (1+S) P F term at time (1 + S) while a decrease in the marginal domestic revenue, via the −E ∂V ∂ X P D term at the next period. Each of these revenue streams are weighted by the corresponding value of cash at that point: ∂V ∂ X , the expected change in the value function due to additional cash at the next period and
∂ X (1+S) , the expected change in the value function due to additional cash at time exports arrive, (1 + S). The second component, −E
is only relevant when financial constraints are binding as that is the only time when additional liquidity brings value to the value function. 15 The additional time dimension of the export sales maximization problem makes the solution less tractable than the domestic case. However, the export maximizing solution can be characterized similarly as domestic sales into unconstrained and constrained scenarios:
Unconstrained
If constraints are never binding during the S periods it takes for international sales to be received, i.e. ν = ν = .....ν S = 0, then:
15 Cash, X, in of itself does not contribute to the value function but only when financial constraints bind.
comes from a derivation of the first order condition from exports, given by:
Thus the solution to the export maximization problem is as such:
• If there are no binding future constraints for all future periods up to (1 + S), i.e.Σ = 0, then the marginal value of increasing export sales is strictly positive. Exports in this case will be the maximum amount possible which is 100 percent; ψ = 1.
• If there are binding future constraints in the period up to (1 + S), the extent that financial constraints are binding during that time will determine the amount of exports. The choice of ψ affects the size of Σ, the shadow values ν and ν as well as E ∂V ∂ X . The choice of labor, capital and export percentage will be determined where all three equations are satisfied. Exports in this case can take on values between 0 and 100 percent due liquidity constraints.
Let V * E (A i ) denote the value of the value function of optimal domestic profits as a function of firm specific technology A i and let X E * (A i ) denote the minimum cash requirement for unconstrained profits to occur.
Additionally, let V E (A i , X i ) denote the value of the value function where profits are at constrained optimal (where X i < X E * (A i )). It is necessarily so that constrained optimal profits are lower than unconstrained profits:
The cash requirement, X E * (A i ), to satisfy Σ = 0 can be calculated by iterating backwards the budget constraint from the period when export revenue is received. At that period, cash on hand must be greater than expected cost. ie X t+s > 1 (1+ϕ) E t [Cost t+s ] for constraints to not bind. Likewise for the period before that, and so on and so forth. The minimum cash required for constraints to not bind for each period thus can be given as: 17 16 This utilizes a backward iteration of ∂V ∂ X = E ∂V ∂ X + ν(1 + ϕ) that allows us to summarize the change in the value function at time (1 + S) in terms of the history of shadow values leading up to it:
The cash threshold is defined for where the firm also expects to export in the future. An alternative scenario is that, due to Let C F denotes the cost to produce optimally at foreign prices.
The characteristics of the cash threshold as defined by Equation 13 is intuitive as all costs enter positively;
an increase in production costs and fixed costs will raise the cash threshold. Revenues enter negatively; if foreign price, P F , increases, the amount of cash required to export will decline. ω denotes the current value of foreign sales revenue that is going to be delivered in the future, between t = 0 and t = (1 + S), from past production. If the firm has never exported before then ω = 0. If the firm has exported before (and the greater the value of ω is), the lower the initial amount of cash required to export. This captures how firms are more likely to export, if they have exported before. The motivation here, however is not a learning story as is often forwarded by existing trade story (ie ?), but one of liquidity and the timing of when cash arrives -firms that have exported before will have more liquidity to export in the present period.
The cash requirements also show that in addition to the fixed cost f required to export, the firm requires additional liquidity to cover the longer delays in exporting. The term E t C F + f ∑ S s=1 β s is the cost of production for exporting sales during the interim. The greater the distance, S, the greater the cash required for the firm to not run into binding liquidity constraints. Thus it captures the role of distance in exporting and relates this to the liquidity demands. The borrowing allowance ϕ also affects the cash threshold: if it decreases, the threshold also increases as firms cannot rely on external borrowing to finance production but need to finance internally.
The cash threshold is an increasing function of firm productivity A i as cost of production, C, increases with inputs L and K which themselves are increasing functions of productivity. Intuitively, greater productivity increases the level that optimal scale of production is reached.
Exporting Decision
The exporting decision rests on choosing between domestic sales or export sales depending on which value stream is greater. The value streams depend on the state variables A i and X i . 18 First, looking at technology A i , let's assume that the firm's cash level X i is greater than the minimum cash requirement to export, X E * (A i ). The firm picks the maximum of the two unconstrained optimal value streams:
As cash is not a binding constraint both at the present time period and in the future, the firm need only compare current profits: π D * = β P D A i Q D * −C D * to π E * = β 1+S P F A i Q E * −C E * − f . The higher than mean expected price realizations, the firm is able to export once but expects to return to domestic sales only as prices return to expected mean. In this scenario, the cash threshold , X E * FD (A i ), will be lower.
. Expected costs at time t are the same: E t C F t+1 = E t C F t+2 = . . . = E t C F t+T where C F denotes the cost to produce optimally at foreign prices and C D the cost at domestic prices. 18 Recall that all firms are assumed to face the same prices, wages and interest rates. productivity threshold,Ā, is defined where π D * = π E * :
The productivity threshold exhibits some intuitive characteristics in terms of it's parameters. An increase in the foreign price P F or a decrease in the domestic price, P D , lowers the threshold as this causes exporting to be more profitable relative to domestic sales. Likewise, an increase in the fixed cost, f , raises the productivity bar for firms to be profitable exporting over domestic sales. An increase in the delay, S, such as through shipping distance, increases the threshold through the discount rate.
The productivity threshold is important in that it defines the minimum technology level required for the firm to be profitable in exporting. It would not be profitable for a firm with technology below the threshold to export, regardless of it's cash position. This threshold holds even under financial constraints as a firm that is not profitable exporting without constraints, will not be profitable exporting with constraints.
However, productivity alone does not determine whether the firm exports. While the productivity threshold separates firms with the ability to export from those that cannot, whether the firm has the means to do so will depend on the level of cash, X i . Clearly, if the firm meets both productivity and cash requirements, A i >Ā and X i > X E * (A i ), the firm will export. Also, if the firm does not meet productivity requirements, A i <Ā , then the firm will not export regardless of the cash position, X i . Therefore, out of the set of solutions dependent on the state variables A i and X i , the situation where the firm meets productivity requirements, A i >Ā, but does not have the cash, X i < X E * (A i ) , is the only combination left to fully map out the solution.
Previously, in the sections on domestic sales and export sales, the minimum cash levels required for unconstrained optimal were defined as X D * (A i ) and X E * (A i ) respectively. If the firm has cash levels below the minimum domestic "unconstrained optimal", that is X i < X D * (A i ), then the firm would necessarily not choose to export as the value of exporting is lower than domestic sales, V D (A i , X i ) > V E (A i , X i ) . This will hold regardless of productivity levels, A i . Intuitively, if the firm cannot afford to produce at optimal for domestic markets, it would not produce for export markets where there are even greater demands on liquidity due to fixed cost of exporting and the longer delays in the receipt of revenues, even if A i >Ā.
Take the situation when the firm's cash level is above the minimum domestic unconstrained optimal but below the minimum export unconstrained optimal, that is X D * (A i ) < X i < X E * (A i ) and A i >Ā. In this case, the firm has more than enough liquidity to sell at domestic optimal, but not enough to sell at the export unconstrained optimal. The firm needs to compare between unconstrained optimal domestic sales, V D * (A i , X i ), with constrained export sales, V E (A i , X i ), where export percent is less than 100 percent. This situation gives rise to two interesting outcomes: either a) the firm chooses to export, but it will export at less than 100 percent which is unusual to observe when there is a fixed cost to export, or b) the firm chooses to sell to domestic markets even though it meets productivity requirements.
The export decision mapped accordingly to the interaction between the two state variables A i and X i can be summarized by Figure 4 . All firms below the productivity threshold needed to be profitable in export sales do not export regardless of cash levels; that is, if A i < A , then exports will equal zero, ψ = 0, for all values of X i (Areas IV, V and VI in Figure 4 ). All firms that above the productivity threshold, and are not financially constrained to export, will export 100 percent; that is, if A i >Ā and X i > X E * (A i ), then exports will equal one, ψ = 1 (Area III in Figure 4 ). Area I in Figure 4 demarcate values of cash that constrain firms from producing at domestic unconstrained optimal levels and thus will not export despite productivity levels that are above the threshold; if A i >Ā and X i < X D * (A i ), then exports will equal zero,ψ = 0. Area II demarcate values of cash that constrain firms from producing at unconstrained export optimum, but allow the firm to produce at unconstrained domestic optimum. Here, export able firms will choose to mix export sales with some domestic sales depending on the level of cash on hand; that is, if A i >Ā and X D * < X i < X E * (A i ), then export values will take on values between zero and one, 0 ≤ ψ ≤ 1. Within Area II, cash is the greater driver of the export status of the firm. For example, take two firms with the same cash level X i where X D * < X i < X E * (A i ) and both have productivity levels higher than the threshold. The firm that has lower A i would have a higher likelihood of exporting as it has lower liquidity requirements to export. (See cash threshold requirements Equation 13 that the higher the A i the greater the cash is required to produced at unconstrained optimal.)
The results of the working capital model with exports is unique in that it captures the tension between time and payoff that arises under financial constraints. The firm faces a tradeoff between getting a higher price but waiting longer, or getting a lower price but getting it sooner in its decision between exporting and domestic sales when financial constraints are present. Under severe financial constraints, such as in Area I in Figure 4 , firms choose to sell to domestic sales as liquidity constraints demands that payoffs be received sooner -even though the option of selling at a higher price is available. Under severe financial constraints, firms cannot afford to wait the longer time it takes to export. As financial constraints become less restrictive, such as in Area II in Figure 4 , the firm will mix both domestic and export sales to maximize payoff and the timing of when revenue is received to ensure adequate working capital for future production.
The decision to export under financial constraint is analogous to a decision in investing in an illiquid investment. This occurs as liquidity becomes important when firms are financially constrained. When liquidity is important, firms would not strictly specialize in domestic or exports so as to not put all their liquidity in one longer term illiquid investment. Instead, they would choose to spread the 'liquidity investment' over both domestic and export sales.
The working capital model with exports is essentially a model of liquidity for the firm, that draws parallels with models of liquidity in the household savings literature (ie. ?). Additionally, the working capital model provides an alternative explanation to recent trade research that attributes the negative correlation of domestic sales with exports to decreasing returns to sales; see ? and ? .
The results of the export working capital model of the firm show that the export decision of the firm is determined by both productivity and working capital. The model exhibits the characteristic results of ?
in heterogeneous firm models of export, where exporting depends on productivity but also highlights the fact that this only occurs if the firm is not financially constrained. The working capital model shows that under financial constraints, the lack of working capital can yield different export outcomes even if the firm is productive enough to export. Liquidity constraints can constrain export potential firms to not export and/or export less than 100 percent. Therefore, the correspondence between productivity and exporting is much weaker.
Empirics
This section examines empirical evidence in support of the model. First some stylized facts are presented: 1) the most productive firms do not necessarily self select into exporting and there does not appear to be a productivity cut-off above which all firms export, 2) significant differences exist in physical and working capital between exporters and non-exporters even within the same industry and 3) access to finance differs significantly between exporters and non-exporters and credit does not appear to be allocated according to productivity.
The Bangladeshi data set allows two key aspects of the model to be empirically tested: a) whether the export status of the firm is determined by both productivity and working capital and that their effects depends on whether the financial constraints are present, and b) whether there is a relationship between working capital and the export distance.
Stylized Facts
5.1.1 Productivity of exporters and non-exporters in the data: Self-selection not evident Productivity is measured as total factor productivity estimated according to ? as the method allows for more generally plausible assumptions as to the dynamic data generating process of the inputs used to estimate the production function. 19 A possible caveat to estimated productivity is that estimates of the production function with a large proportion of financially constrained firms could potentially underestimate factor coefficients as firms are not operating at optimal scale. This potentially could bias the size of the TFP estimate but not the distribution of tfp overall. However, the consequences of estimating production functions with firms operating sub-optimally is not clear and is left as possible future research.
The dominant trade theory at the firm level (??) predicts that, within each industry, the firms at the upper distribution of productivity above a certain cut off will export while those that are below will produce only for the domestic market. Trade liberalization induces a self-selection of the most productive firms into exports.
However, this self selection is not evident in the data and it does not appear that export firms are necessarily the most productive. Figure 5 on the next page shows the distribution of productivity for exporters and non exporters in each industry. 20 If there is evidence of self selection, the productivity levels of exporting firms 19 TFP was also calculated using OLS, RE, FE and using the ? method. The OLS estimate suffer from endogeneity issues and both fixed effects and random effects estimates relies on strong assumptions on ω it and has not worked well in practice. The LP estimates relies strictly on specific assumptions on the data generating process of the inputs to production that may not hold generally (see ?) and is prone to suffer collinearity. See Appendix A.1 on page 25 20 Furthermore, Table 12 in Appendix A.2 shows that the median productivity level do not substantially differ between exporters and non-exporters and, in fact, shows that mean productivity is higher for domestic firms than for exporting firms in all sectors except for Leather and Chemical. would be within a range that is distinctively higher than the range of non exporting firms. However, the productivity range of exporters overlap non-exporters in each industry. The distortion to self selection due to financial constraints as articulated by the working capital model (see Figure 4 ) in fact provides an explanation to the non correspondence seen in in the date (Figure 5 ). Table 3 examines firm characteristics that differentiate exporters and non-exporters. Along with the established differences in size and age 21 , the difference in means between exporting and non-exporting firms in output, physical capital and working capital are also examined. Two main patterns emerge: First, the direction of the differences between exporting and non-exporting firms are not the same across all sectors. Exporting firms are on average older than non exporting firms except for Electronics and Chemicals sector. The same reversal of the difference is seen in output, physical capital, physical capital per worker and working capital per worker. 22 This suggests that between industries, age and physical capital may have different effects in determining whether a firm exports. Secondly, working capital and labor are the only two variables where exporters consistently have a higher mean than non-exporters across all sectors. The significance of the differences are even sharper when samples are taken according to productivity cutoffs and the direction of the differences remain unchanged.
Differences between Exporting and Non-Exporting Firms: Working Capital, Physical Capital and Size
5.1.3 Access to Finance: Non-exporters are more financially constrained than exporting firms and credit is not necessarily allocated according to productivity.
Under perfect financial markets, firms are able to borrow to facilitate production and to overcome the time delays in the receipt of revenue. However, when access to credit is limited, the amount of cash on hand will 21 Differences in firm size and age has been shown to be persistent in different empirical studies both of the US and in developing countries (??).
22 While this may not be the case for physical capital, physical capital per worker and working capital per worker if we considered Textiles as an abnormality, for age and output this remains true. affect the firm's decision to enter international markets where the time delays are much longer than domestic sales. Table 4 compares financial indicators between exporting and non-exporting firms. Access to finance is a subjective variable where respondents are asked to rank the problem from 0, being no problem to 4 as a severe problem. There is a smaller percentage of exporters who reported access to finance as a problem than the percentage of non-exporters. Furthermore, non-exporters report greater severity of the problem.
Respondents are also asked where they sourced their financing for investment and for working capital and report the percentage from each category. 23 Exporters source a smaller percent of their finances internally for both investment and working capital; indicating that exporters do indeed have better access to credit. The last financial indicator is whether the firm has an overdraft facility or a line of credit available to them, and if yes, to report the percent of the line unused. Here, a larger proportion of non-exporters than exporters have overdraft facilities or credit lines however, out of those that do have credit lines, the average percent of credit lines used by non-exporters is higher. This suggests that non-exporters are closer to their borrowing limit than exporters or that exporters generally do not use this type of credit as much. Overall, these statistics suggest that non-exporters have less access to finance than exporters.
It is not only important to verify whether exporters have better access to finance than non-exporting firms but also to see whether access is allocated according to firm productivity. As discussed in the introduction, the results of existing theoretical models is driven by a direct correspondence between productivity and the amount of credit the firm has access to. It is this correspondence that supports the self selection of the most productive firms into exports even under financial distortion. Table 5 shows the average productivity according to each financial variable. There is no significant difference in average productivity between firms that report access to finance as a problem and between firms that fund investment wholly from internal finance. Productivity is slightly higher for those who can borrow to fund working capital 24 and those who have overdraft facilities. The difference in productivity however, does not appear large and the size of the standard deviations imply considerable overlap in the TFP distribution between constrained and not constrained categories. Therefore there is no strong evidence to suggest that credit is allocated along productivity lines. 24 That is, firms that do not fund working capital wholly internally. 
Working Capital and Distance to Export Destination
The 2002 Bangladesh data set is unique in that the survey asked firms to list their main export destinations and amount exported to each of these destinations for years 2000, 2001 and 2002 . From this, a weighted export distance can be calculated for each firm. The availability of data on the distance of the export destination allows a simple test of the relationship between working capital and the export distance by exporting firms.
This relationship is a key component of the model: the greater the export distance, the longer the delay in the receipt of payments and the greater the demand for working capital required. 25 The empirical question is whether the amount of working capital, X, is significantly and positively correlated with export distance among exporting firms controlling for factors that also determine the amount of working capital. If working capital does not vary with distance, than this puts into doubt whether the working capital is driven by delays in the receipt of revenues, or is simply a function of costs. The empirical specification is motivated by the determinants for the amount of cash required to export from Equation 13.
Working capital demand increases with time delay S , cost of production C t , expected cost of production C t+1 (to ensure that costs are covered in the interim between production and when revenue is received upon delivery) and with productivity A. The time delay, S , is proxied by the distance to export destination, distance.
Whether the firm will export in the interim periods during the delays also affect how much working capital is needed. Therefore, working capital demands would also increase with expected relative foreign to domestic price, p.
The stock of working capital kept on hand would decrease with supply of liquidity: the amount the firm can borrow which is measured as short-term liabilities, and past export production, proxied by years of exporting, years exporting. 26
The empirical specification is as follows:
Distance enters the specification as one period ahead as the export distance is realized after the firm 25 See previous sections as well as refer to Table 2 on page 5 that shows when payments are made and Figure 1 on page 6 for transit times.
26 Financial constraint variable was not included as this would restrict the sample to one year, and cannot estimate the relationships. Furthermore, the discount rate β could be proxied by reported interest rates but interest rates were also only available for 2002. data from 2000, 2001. ). Regressed using fixed effects for the sample exporting firms only. Distance data from Centre d'Etudes Prospectives et d'Informations Internationales (CEPII), at http://www.cepii.fr/anglaisgraph/bdd/distances.htm using distance measured from the capital city. Up to five countries were reported in the survey (only for 2001 and 2002) and the weighted average distance was calculated by the proportion of export revenue of each country. Productivity calculated from structural estimation of the production function (see ? ). None of the coefficients for the interactive terms for sector and log distance were significant and are not reported. Log Yrs Exporting is averaged across products. Full regression in Appendix 14 in Table 14 makes it's export decision based on current working capital levels. 27 The destination for exports would systematically differ according to industry, and the interaction between sectors and export distance were also included to improve fit.
The specification was estimated using fixed effects and the results are shown in (the full set of estimates are shown in Appendix 14 in Table 14) . Column (1) shows the estimation with no other control variables and there is no significant correlation between working capital and the distance to export destination. Column (2) includes controls for cost, productivity and other variables, and columns (3) and (4) include interaction between sectors and export distance.
The estimated results shows that the correlation between working capital and export distance is positive and significant when relevant controls are included. Furthermore, the coefficients for the control variables: Lagged cost, current cost and productivity are correctly signed and significant (see in full estimate results in Appendix 14 in Table 14 ). The results show that the size of the estimated coefficient for distance is much larger than the estimated coefficients for cost and productivity. The distance variable may also be proxying for additional transport costs associated with shipping longer distances. However, the significant and positive coefficient suggests that the distance to the export destination could be the largest factor in determining the liquidity needs of the firm, and this could be due to the delays in the receipt of revenues associated with longer shipping times.
Export Status of the Firm
The model in the Section 4 provides a set of theoretical predictions that could be put to the data: i) when firms are financially constrained, export status is driven by the level of working capital and less by productivity (Areas I, II and IV in Figure 4 ) and ii) when firms are not financially constrained (Areas III, V and VI in Figure 4 ), export status of the firm is driven by productivity and changes in working capital does not change the export status of the firm. Thus the main test of the theoretical model is to see whether cash only affects export decisions when firms are financially constrained and at the same time, whether productivity affect export decisions when firms are not financially constrained. Let f c be a dummy that indicates whether the firm is financially constrained, that is whether X i <X. 28 29 The empirical specification is as follows:
The test involves four predictions on the estimated coefficients: a) the interaction between financial constraints and working capital, β 1 , is positive and significant, b) the coefficient for working capital only, β 2 ,
should not be significantly different from zero, c) the coefficient for productivity when not constrained, β 4 , should be positive and significant and d) the coefficient for productivity under constraints β 3 is the negative of β 4 and significant in order for productivity to not affect exports under financial constraints. That is:
The 2002 Bangladesh data set contains information on the percentage of sales that are exported. Out of the 974 firm observations, only 76 firms reported exporting less than 100 percent. The majority of firms report zero exports with about a third of the firms reporting 100 percent exports. The model does not offer any qualifications on how many firms in the population would export less than 100 percent. However, the fact that the model does predict that there will exist firms who will choose to export less than 100 percent, even in the presence of exporting fixed cost, is a unique and important characteristic of the model. The small number of observations of export percentage makes identification difficult and as a result, the dependent variable used is a export status dummy, E, that is equal to one if the firm engaged in any exports.
The financial constraint variable, f c, is a dummy that is equal to one if the firm reports access to finance as a problem (from minor to major severity) and finances working capital entirely from internal finance (that is, does not use any borrowing from any other sources). The rationale behind interacting these two conditions is that firms may report access to finance as a problem when they actually do have access to borrowing.
The measure does however, leave out firms that are able to borrow but remain financially constrained due to reaching borrowing limits or quotas. In this sense, it may not capture all possible financially constrained firms.
Working capital, X , is measured according to the accounting definition: current assets (inventories, accounts receivable, cash and short-term credit) minus current liabilities (accounts payable and any short-term debt). Productivity, A, is measured as total factor productivity estimated according to ? and the production function is estimated for each sector. (3) is Garments.
the data set are: export price to domestic price ratio, log labor cost, log weighted input price, age and sector dummies are also included (base sector as Garments). 31 The results of export status is shown in Table 7 (full results in Appendix A.4 in Table 13 ). Results show that under financial constraints, working capital is significant and positive in determining export status of the firm, and this result remains robust even with additional controls across all three specifications. The effects of working capital, without the interaction with financial constraints, is small or insignificant in determining export status. This suggests that working capital increases the likelihood of a firm exporting mainly when the firm is financially constrained. A 10 percent increase in working capital raises the probability of exporting by over 10 percent for a financially constrained firm but by only about 3 percent for a firm that is not constrained.
All estimates pass joint significance tests of β 1 and β 3 . A possible explanation as to why working capital for non financially constrained firms remains significant under additional controls, even though the size is small (in regressions (2) and (3)), could be due to the financial constraint measure not capturing all possible firms that are constrained.
The estimates for productivity for all regressions are signed according to the model's prediction, that is, β 2 is negative and β 4 is positive. However the size and significance of the coefficients vary across the 3 regressions. Joint significance test of β 2 andβ 4 can reject the null for specifications (1) and (2). In the specification (3), both coefficients for productivity are jointly insignificant when sector specific dummies are included. This could be due to the small sample size within each sector in the data set. However, in other empirical studies, such as ? where empirical specifications always include controls for sectors, they too find that the estimated coefficient for productivity is not significant and their sample contains 23,641 observations. This could be due to the fact that there is more variation in productivity between sectors than between firms within a sector, and this may be in part due to how productivity is estimated. Specification (3) within sectors, productivity does not affect export status at all -regardless of whether firms are constrained or not.
In the first and second regression, without sector dummies, the productivity coefficient is large and highly significant, in accordance to theory. The coefficients for the interacted productivity and financial constraint is substantially sized, and only significant in the regression with additional controls. The estimates with additional controls resonates more due to specification and better fit. The results from regression (2) suggest that productivity matter less to the export status of financially constrained firms than unconstrained firms, but the effect does not completely negate the effects of productivity.
Looking at the estimates overall, results provide support for the model's predictions that the effects of working capital and productivity will differ between financially constrained and unconstrained firms. Intuitively, working capital matter more for financially constrained firms, and productivity matters less when firms are unconstrained.
Conclusion
Empirical evidence suggests that, particularly in developing countries, financial factors matter for exporting.
Extending firm trade models to include dynamic borrowing constraints points to the importance of working capital, as well as productivity for determining the decision to export, the percentage of output that will be exported and its destination. As such, the working capital model adds an important caveat to the established literature on the relationship between productivity and the export decision of the firm. Testing this model empirically with a unique data set from Bangladesh supports the proposition that working capital and productivity affect export status of the firm and their effects are differentiated by financial constraints. Empirical results also confirm the relationship between working capital and the distance to export destination. The empirical results provide support for the model's predictions that the effects of working capital and productivity will differ between financially constrained and unconstrained firms. Specifically, for financially constrained firms, productivity matters less than for unconstrained firms while working capital matters much more. The correlation between working capital and export distance is shown empirically to be positive and significant, lending support for the working capital model of the firm's export decision.
There are many exciting directions future research in this area will need to explore, both at the micro and macro level. On a macro level, the partial equilibrium model of working capital of the firm can be incorporated into general equilibrium models to look at the propagation of the effects of financial constraints across the economy and across countries. Further research and exploration into the dynamic interaction between the financing needs due to time delays and the financial structure of countries has the potential to add insights to international trade patterns. The distortion that financial constraints introduce to the self-selection of the most productive firms into exporting warrants further investigation as to how this may affect overall industry productivity and thereby the aggregate growth of the economy. In terms of theories of development, if the results of the model are drawn analogously for an economy represented by a single firm, this could potentially prescribe a development path where trade liberalization may play a very minor role at low levels of wealth. This may provide further impetus for developing countries to move quickly in the development of functioning financial systems that allocate financial resources closely in line with productivity and the availability of short-term credit and trade credit so that the most productive firms enter exports, and aggregate industry productivity improvements can be reaped from trade liberalization.
On the micro level, the working capital model exhibits distortions to factor ratios (also see ?) and this could potentially lead to different sectors that export within an economy than those predicted by comparative advantage trade theories. Of particular significance is the need to develop theoretical models and empirical tools that will allow the analysis of the firm at sub optimal production levels, and this is crucial in the study of developing economies where financial constraints are the norm. The estimation of productivity under these conditions warrants urgent attention.
References can obtain estimates (β k , β l ) from minimizing the sample analogue to the moment conditions in 14 using the
Implementation with Bangladesh Data:
In ?, the ACF method is implemented using capital, skilled labor and unskilled labor with electricity as the intermediate input/proxy. The Bangladesh data has labor, capital, raw materials and well as energy costs. The variability over time of each of these variables within firms in increasing order are: labor, capital, materials and energy. I estimate the production function using two specifications: 1) using materials as an intermediate input and 2) including materials as an input and using energy as the proxy:
The estimates are given in Table 8 and Table 9 using the full panel Bangladesh data from [2003] [2004] [2005] [2006] (semi-annual). The estimated coefficients for OLS and FE do not differ greatly in their magnitude. The estimates produced ACF1 using materials as an intermediate input yield unusually large coefficients and ACF2 using electricity as proxy appear to produce more realistic estimates.
Average productivity calculated by each estimation method is reported in Table 10 and the correlation matrix is given in Table 11 . The productivity estimate from RE is almost perfectly correlated with the OLS estimate; and the OLS estimate is the naive estimate that suffers from collinearity. Thus, ACF2 estimate and possibly LP2 may provide good proxy for productivity. 
A.4 Export Status
A.5 Working Capital and Distance to Export Destination 2000, 2001.) . Regressed using fixed effects for the sample exporting firms only. Distance data from Centre d'Etudes Prospectives et d'Informations Internationales (CEPII), at http://www.cepii.fr/anglaisgraph/bdd/distances.htm using distance measured from the capital city. Up to five countries were reported in the survey (only for 2001 and 2002) and the weighted average distance was calculated by the proportion of export revenue of each country. Productivity calculated from structural estimation of the production function (see ? ). None of the coefficients for the interactive terms for sector and log distance were significant and are not reported. Log Yrs Exporting is averaged across products.
